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Fig.1 Aluminum consumption and distribution of per light

vehicle in North America from 1975 to 2025
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Tablel Main precipitated phases and their morphologic characteristicsin Al-Zn-Mg-Cu alloys***¥

Lattice constant/nm

Precipitation Crystal structure B Morphology and crystal orientation
, Hexagonal Hexagonal/round plate;
7'-MgZn, system 0.496 1.402 (0001),//(111), [1010] ,//[110]
T'-Mgs2(Al, Zn)ag Cubic system 1.435 Spherical; (100)7//(110)a1, (010)//(111) a1
Metastable T'-MgsZn3Al, Cubic system 1.416 Spherical; (100)7//(110)41, (010)1//(111)4s
h .
phase S-ALCuMg O“}S“y’;}t‘e"gblc 0401 0925 0715  Needle-like; [100]s//[100]a, [110]s//[012]a1
p-AlZr L12 0.405 Coherent; spherical
7-MgZn; hep 0.520 0.860 Rod; (1010),/(001)ar, [1210],//[110]a;
Stable T-Mgs(Al, Zn)s bee 1.422 Spherical; (100)1//(110)a;, (110)1//(010),
phase B-AlsZr DO0,; 0.432 1.693 Spherical

X, MARKET, GHRERTTUIEE, b NA
BRE, dANTHMKER, A AR5
T 02 37 )7 S5 K 1) Al-Zn-Mg-Cu & 4 1 M 3@ % BL 2,
v ¥ 0.33, G=27.8 GPa, b=0.286 nm®¥. M4k, 7¢
U B 2 B 4 R IR R R B H A <4 nm I HAE, H
S AL A AR AL DT AL Bl RS, XA 4 R
() 5T B Oerusier I THE 7 A T A, # R A T X
?Ef i” [24-25] .

Gb *

cluster = : cluster : z-cluster (2)
Ls

Sop, L R RITIIE, <, RERIRE A
VIRLA AR, T T AR G,

2
L(;lusler — [ T J P (3)
3f;:luster
5 (oclus&er
3 COs” —
e = 0.9 c0s? Pt |- 2 (4)

b, r P BIBIEEAE, fause IE 3DAP H4lE 73 #
B 2 B BB AA I B eruster AERIE RIFE 1)V 2 BT V)
i, N 165°~168°2,
2.2 EiR‘EL

R A TR AR S B AL TR 8 4
(AR AL E, T BB SR 7 I RSE L AR &R
WraET7 i 2 7, = PG R I . [EE SR
RO 5 5 5 iR 7 75 B AR R IR BE R 0%, ) o R[]
TSR RS TR, HRIA NPT

os= 2 kic” (5)
Hrh, kg REANEFTTRERNIEE, o NHNERITTERR
JRESEL m NER, FEEC 1P, HRA S E R R
MR FESHEFETM AL TR EHxR, Al R
25 0.143 nm™, LA Al-Zn-Mg-Cu REGEH &4 N
o, L[ S sRAG R RIR 32 B2 RSP Z BRI Mg A1 Cu

JAT . Mg 7E Al SRR, WHERa ittt 720
VA SRABCRET Cu iR INRIAE] 0.5 at%lf, RIA[=A4:
RERBRRICR . £ 2 gt hEaa et Zn. Mg 1 Cu
TERAEAR K ke 1658 A T S0 0 < e I B
RS TTHRAE W] & R 7 AR SRR SR A1 3.
2.3 HBEEK

FEZME4ad, & A B0 & 57 AT LA RS A T i 2
AR RIS B, AT SR BEAF BB, XA Ak 77 3C RN
N 5RAL - Hall-Petch 22 sURGF Al 1 40 i s AL 3T
SR JE I TTHR 0l

og=00tky,D'"? (6)
Ho, oy 2 4A0ER )6 R 300 8 IR FE 4R
10 MPa, k,y Hall-Petch %%, D JydikiF-3 EHAE.
FESERRAE 7, #HARA R EmBEPIBIERG &, Ged
YA N 2 NN % S SRR 2 1 P S A A T
mEGERAEEESARENEETREE, FU
g 1] 1o v A A 1 P T T 9 PR YA v e v PO
LA T i R S P N 1KY W i o S A S PN D
BobhZHEY, R FAEERE KRR OIRIER A S, KRR
&I ERAR . Bk, TERE &5 5% W F
TEREAT AR ST AL R, B AE 8 A v N i 2 PR S T R A (B
5 RAR G R BRSO IE AL S R s R 1EAIEE
Kt WO AZECH KBS, MR RIS A
R, IXFP T A B AL A 4 A A Aok, T HL
BE 20 A 3 it 2 VR R 1) o 7 AH B 522 e A TR T3
B, fEEAEEHAIN Tiv TiB. Zr. Sc %#A

*k2 AERENERBLREKE
Table 2 Data of the solute atoms in alloy 7075 and their

contribution to yield strength!®**?

Element Radius/nm k/MPa-(w/%)"
Zn 0.139 2.9
Mg 0.160 18.6
Cu 0.128 13.8
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IRUF A4k SR AE s 530k, FESE AR NG 1
XA R A A T SR LG M Re P I
AT U] AR AR AR 0%, G0 AL-Si & 4 Na 48
JRACEE . BbAL, TEREEERT, SIS AT RS, PRIRAE
MR B EE T Ol IE T RS, A
FI T SRAT 4 di LR A 85 5E

XF Al-Zn-Mg(-Cu) & F et iEsma&ms, Bir
BONA B BRTIM IS 12 E BE AR RS S5 I
WA aInE. b ik, g, RikiEiE T2 A
AL I SR, R TR X JUAN T TN G s AL
ERHATNH.

3 ERBFERSENRSMMUEREEL

Fi5E Al-Zn-Mg-Cu 5 &MEESEILERE Zn.
Mg. Cu, BRitbz 4, &% %M Mn. Cr. Tiv V.
Ag. Zr KFE+ (RE) JeRZ RN EEA NP, AN
e g G aH AR MER SR INR 3 o, H
o AR A SRAL O R . A M SR AL T R R S kg
LT
3.1 EE&nH

XT84 Al-Zn-Mg-Cu &4, 87 94k /& 3 2 i)
Ak 7 2, TR T R PR P G R B IV G R
OB, mEd EE RS, REERTES
okl 380 [0 90 5 T 9 T RORE s R ] B R B A
S RESL I FRERARIL SRR, FEN a-Al+

AlZnMgCu, SRALHR R FFEMK. A, BEES&ITR
SR, BEEEXRARS, BiEdERE S EA
MREREE G, EENS SRR, BES
SRR o TR B LE B [ AR I, AR
T BRI (AR A A RIS AR 3k 4L 4 2
A LY. 58 Al-Zn-Mg-Cu &4, Zn
TE Al K VA B sk 70%, 03t g 41 2L B A i
N, FEIE AN TR R R . Mg fE AL
MRS, 24 Mg & BEURE, — 307 Ak,
BRAR G 4 (0 R B, 3 ORI, 53— R R
SEh, KN RN, SRR, WOEE Mg B,
MEBUAIRDN: 2 Mg SRR, EERA I
MY, BEE Mg &, LREEM KT HES, %
FEHR . REABE], XFAEMWAFR T & &0,
ARG K. BTUABEE Mg & &R, A
BTG LTS . Cu £ Al RIEME /N, T8
AT IRAL T, E Cu SRR, HHHN
W2, HErANETERENE, ARG
Al-Zn-Mg-Cu & & R #ab s afb &4, Hdp
Zn 1 Mg S BT R A ) BB e R . AR
Zn B Mg X e s & measa AR, mEEn
INAER) Zn A Mg, 7] LLARARHT AR, B & 40
5B SML, 5G4 T Zn 5 Mg BTN 2
i, — A i 76 R B 90 B 5%~8%, BE Zn. Mg & &1
0, A4 TR, WA PR, 4 Zn F1 Mg (R B4

®3 ERREGEARTENSRFERSERERETME

Table3 Summary of common microalloying elementsin cast aluminum alloy and their related properties!

2,24,34-39]

Element Strengthening mechanism Effects on microstructure and properties of cast aluminum alloy
e . The composite addition of Zn and Mg precipitates #-MgZn, or T-Mgs,(Al,Zn)s9
Zn, Mg Precipitation strengthening phases, which are the main strengthening phases in the alloy.
. Cu acts as solution atom and also forms Al,Cu phase, which plays a certain
Solution and second phase . i . . .
Cu . strengthening roles. In addition, Cu can increase the potential, reduce the anodic
strengthening . . . .
corrosion tendency, and improve the corrosion resistance of the alloy.
Mn and Cr form AlgMn, Al;>(Mn,Cr), Als(Fe,Mn) and other phases, which can reduce
Mn, Cr Second phase strengthening the Fe impurities and improve the strength and recrystallization temperature of the
alloy.
Ti, B and V are commonly used as refiners in casting aluminum alloys. They can form
Ti, B,V Fine-grain strengthening fine high-melting compounds such as TiB, and Al;3Ti in the melt, which act as
nucleation points to significantly refine the grains of ingots.
. s Ag-Mg/vacancy co-clusters can be nucleation sites for aging precipitation, promote the
Promoting precipitation . . . . e
Ag strengthenin response speed of aging precipitates, increase the density of precipitates, and make the
£ £ alloy maintain high hardness and strength in a wide temperature range.
The primary AlsZr phase forms to refine the ingot structure as the inhomogeneous
7r Second phase and fine-grain nucleation core. The high thermal stability nanoscale Al;Zr particles precipitated

strengthening

during heat treatment can also play a second phase strengthening role and significantly

inhibit recrystallization.

ALRE primary phase and nanoscale precipitates are formed, and the nucleation and

RE (Sc, Er, Ce) strengthening

Second phase and fine-grain precipitated behavior of the alloy are changed, which can purify the alloy, optimize the
ingot structure, inhibit recrystallization, and improve the strength. The effect is more

remarkable when adding RE with Zr.
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BB FF UG 2R B R4, BE Zn/Mg AR,
A4 BT R BB B, T 0z opg=2.2
B, AT R Zn SRR g'/n-MgZn, #1024
omiomg < 2.2 B, B R R b A 2 B R
T'/T-Al,ZnsMg; 4. Engdahl 25| ff TEM Al 3DAP
SERMETB, XAFE Zn/Mg ELI Al-Zn-Mg & 4 %%
HHA AT AT RAE, RIBE—EEE N, Zn/Mg
Eb b v B, R 2580 R v 2R BT H AR R S g /N .
FEK, GEMgatitily, Bae%iEtts
A Fr AR

Cu JG 3 N TT DUBE s #r AR R R BORE S, 3 v
EEWGRERIEME; HA, Al. Zn. Mg, Cu HIbRHE
HL B AL 23 ) = 1.663 1 —0.763 —2.363. +0.337 VI,
Cu JCE HALEL Zny Mg & =7, 4544 1EUTTE A n] DARE
fIREE AR S AR M A 22, B2 =& & T R ek v A
Shu MW R EMEEH Mg 8 Cu RN,
Al-Zn-Mg-Cu & &M SRS THm, mBEEme
P BTG T IBEPIR B TE Al-Zn-Mg & &
IS Cu RS HUK T 3%, A& Mg, 555
Cu & RMTF == M2 Cu & HUE T 4%H,
A 4 1 772 M e SO 2 B S B S 0 PR A, AR
AR . Hik, A& SRS EGEEHRE, H
BII&E T Al-Zn-Mg-Cu RBIEEE LM EEEICRR
B HN R BEHIE: 3.0%~5.0%Zn. 2.0%~5.0%Mg.
1.0%~2.0%Cu.
3.2 WEskTE

BT HEFGETREEIN, MESHBETK
TR A SN EE TR AR SR
Al-Zn-Mg-Cu REEGET, &EWLMMEESENTRA
Ag. Zr. Mn. Cr KHitnsmsE. H, Ag BIA%
RE[FIBT 4 & i 5 R MM E Stk 2 —,
W N BE St E” . i T Al-Zn-Mg R &4, T
TR, ME Ag BRI D58 A &8 120~200 C
I S5 P B R A R R o b Al BT PR A R I A
PUHE, HEBOIN Ag iRiE 5 AL AR b )25 AL AR B
TER, o508 b 5 Ab 1 B H AR TR 25 0 B IS O T 3 X
(PFZs) M%fE, #— a7 &N Wtk. &1,
TEER G IR Ag AUE R T4 w45 4 4 0 B FE A
SREE, T HAA RT3 s R A A i MR

Murayama Z*F|H 3DAP #F5 7 Al-Cu-Mg-Ag
A A TE R ORI B I TpTUE R AR RS CanlE 2 B
A, KU Mg Ag EFREME, BRI &% E
Mg-Ag PR AP AR ARSI AFEAZ AL 5, (R T Q A
MR m B B, it — S B & Mg, X

e 20 DML o

® Al (1114
Cu

® Mg

@ Ag

2 Al-Cu-Mg-Ag & & B 3 W A KL 511 3DAP 43 #t
Fig.2 3DAP analysis of cluster morphology of Al-Cu-Mg-Ag
alloy at early aging stage: (a) 180 ‘C/5 s and
(b) 180 C/120 s

2 R AR R G AT HR AT ORI ) S R T S AL
2 BHEZP R IAE Al-Zn-Mg-Cu-Zr & 474
NJRE 78 0.16%Ag 7 LU & & E N Hud # 9 GP
X AN A T R, R R AR R E M, RS
SRR, REEA S EER AR E . FIR
NBR Ag J5 % 5 7 A AT AR T A% AR 52
WAL, 2 — P AR A A I R Ak 8 7 1 g

YEZTERT I TAEF, BL Al-Zn-Mg-Cu & & N AT,
WFIE T VR 05023 51 0.3%A g %o F A8 I 250 7 v 4 44
MREABT AT RIS CanpE 3) B SR =4k
PREFFI 1 0 H 35 S SRR LR RE Eoc R Am,
X ER A A RUOHT HE RO AR AT T e EARAE . SRR
B, Ag BIIMANINE T & 4 BT 20T H e B Jd B2, A
W T AT A A, BT H AR S an N A, R
r T U RS A S AT R R SR A . AR B — 1 R B
HAHEWT, & Ag AETER KR, AgFTFFRESTNL
M Mg JEFAHBEAER, TERKESA-Ag M “Mg-Ag”
R, 4kmiE sk =ML, HRKEMg-Ag” %
LR RS Mg B T 2L AL g3, B
e Ag BE&PRES T M, HI S B
RNT A3 Mg & =3 T 8 Ag B4

WA, EHEEGESTRMEED?E 0.1%~0.15%M1
Zr JCR AT TE S N TE S a-Al SR SEH 1 AL Zr 9K B0
WKL, AlZr X ah FEANAL 46 A SR 2L AT HLAE . W R
A SRR, A SMERE. KR
AR #2500, Guo WM& Zr IIAE] Al-Zn-
Mg-Cu &4, FEBEHESS 514 2R 72 v b H AR
EMELF M ALZr SR, A& S MAEESS
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Al-Zn-Mg-Cu Al-Zn-Mg-Cu-Ag a
o T e

B 3 Al-Zn-Mg-Cu(-Ag) & &I MM MRTESR: 544
150 CHE RO RIS A JEHT tHARAR AL s & Ag & @A il
3DAP R T EME; & Ag &4 T'/y'f i HRTEM JESH

Fig.3 Microstructure of precipitates in Al-Zn-Mg-Cu(-Ag) alloy:
(a) precipitate changes after aging at 150 C for different
time; (b) 3DAP atomic recomposition of precipitates of
Ag-containing alloy; (c) HRTEM morphology of T'/#'

phase in Ag-containing alloys™®*!

TR K RE MR A 2, R T A& e
FE k4077 -

LAER, 78 Al-Zn-Mg-Cu & & 4 in N s £
(RE) JU#, 1 Sc. Y %, BN EEEMA &k
FIWTF A A . RE RS Al BB EAER, w4k
i AlZnMgCuRE JREUH R, BESRZIETFLALHE . A

A 5 5, 412 w8 B 4 (A T e ek 5 R D 2 49 e 1461
Senkov U K BLIA Al-Zn-Mg-Cu & & Hin N i&
& Sc JLE, BEESIERRrm B FR, 14 REIREF
B e (P T LD M AN S A . SR, S A% B B AN B e
NEHIA, HRFENF G MEEG ST E 50N
—ER Sc M Zr 5, [{ENEEHE RS H
AlsSc AlZr Al Aly(Sc,Zr) S5 R BUA, %A )7 32 55 #epth
NN Sc BY Zr HA F SR AN AN SRR, A4
WA B L4571k RE A4 3 1k L1,

WAk, Er 7E88 G 4 v 1 B FH A 020 3 43 o A0k
K, Er FIMMA&ZELE Sc (EHIRZ, #1AES Sc A &
R AL o foc-Al AR5 L1,-ALEr [ 554 E5 L N
4%, T fec-Al JE4RYS L1,-Al;Sc [ &b #% 5 il £ 4
1.32%%%, @R A, S8 E=RAEIE Y
SRR BT . HbAh, Er 78 FCC-AL JE4K b i3 Blok %
BT Sc, RUTEXTBEEERT Y S L A B I 7R
NN Er 28 516 &R R e/ i ie AR X
FEAZ 3SR RIE 55 K 30 Er N AL Th BEWS T 140 K 2% ALEr
sAAE, EBE AN ESMER, HTEds zr
HEERE K AL(Er Zr, )R &M CanlE 4 fs) 5
AlSc AHEA H U R G e v, NI AT LGRS S
g, KNIEEIRESEESMmEMEE, HERSESE
o, Bk gg A bERg. M4, Fang 250P4P17E
Al-Zn-Mg-Cu & & E AN &7 3 0.28%Er Fl
0.16%Zr, KA & i th iz 5 45K 1) L1,-Aly(ErZry.y)
VUM, B& Zr (502 AT DA e A i i — 20k
6, FrLh Er F1 Zr M9E& NN TT DAFE = 9R B0 1 S s
B FERIRR /N TR B R, B A SR, dHAK R,
M A R A TERE

YEZRIAAE 7075 586 4 o I BLAi B, B Edt
HARA T EE A Al-Zn-Mg-Cu RESEMES LK
Iy HEAHRNER Zr. Er 7 A S, EATR
TS & Br RN A B B

Kl 4 Al(EnZr. )2 &K T 355w 0 Peg

Fig4 TEM bright filed image (a) and HRTEM image (b) of
53]

Als(Er,Zr,.,) precipitate
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WA Al-Zn-Mg-Cu-Zr &4&HSURPERERISZmRE, 4551
KW, 0G4S TUIN Zes Er, FE5MLIE S IR T H
FREE NERIR ALy(BrZoybi 7, F=A 28 ARt &
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Table4 Calculating data of the growth restriction factor (Q)
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Element k m 0 (C=1.0, w/%)
Ti 7.8 333 220
Ta 2.5 70.0 105
\% 4.0 10.0 30.0
Hf 2.4 8.0 11.2
Mo 2.5 5.0 7.5
Zr 2.5 4.5 6.8
Nb 1.5 13.3 6.6
Si 0.11 -6.6 5.9
Cr 2.0 3.5 3.5
Ni 0.007 -3.3 33
Mg 0.51 -6.2 3.0
Fe 0.02 -3.0 2.9
Cu 0.17 -34 2.8
Mn 0.94 -1.6 0.1
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Fig.5 HAADF-STEM image for microstructure of the Al-5Ti-0.25C master alloy (a), HAADF image for Al/TiC, interface (b), TiC, EDS
mapping analysis (cl-c3); image for the squared area in Fig.5¢2 (c4); corresponding FFT image (d) and theoretical electron

diffraction pattern (e)[(‘o]



* 3962

Wity EmA RS TR

52 %

M O fH, FEEMR W RRL; thAh, AL-Ti-B 44k
FIMNIR S & SR AL T TiB, 22 & Poki, %8k S5Es
RN, fE TiB, FERERER ALTI Z, W{ER
WIAERR SRR TEAZ i, ST T SEIL R et Ol
KD WL A8 B oK 1 R 101, Li ZEDR A v
REER B VL4 7 —FoB AL A0 TIN/TI 404k 7, Z 401k
FIHIINNAE Al-Zn-Mg-Cu & & ) a-Al & A& BB 5 %
7 Sy Sl TS0 s A A A RS T 2 B 0% 3
ME0.5%, &4 M-F% 8k R~ H 400 wm S8k
ANE) 78,5 pm,  HLAALI a-Al S REfE 55 — A0 4 B
k. A

A, MBEEESRTMALCESEIICERW Zr
&, WReR B AHLMACR . Ze fERER G &R I
MG e nER, HlHTHAE Al P FEEEEAR, B
F G 3 MAEAETT A, 4l KR4 (— 0O Al Zr
M WARSEIRA (IR Ll,-AlZr AHF6 25 7%
A (KD DO0y-AlZr AT, FEAR A 4 ik i FE o,
Zr 5 Al R TR K AlLZe M, Bl KSR B PR,
P75 MR AlZe AHUTIE ok, XFMAHRTLLS
o-Al KA RN, BE RN G SNSRI
MG A ST AR B, BT Ze 7E AL FPRENA

oAl
oZr

oTi
eZn

25 nm

°
Q
=

40 nm

L
<
(o]

Atom Concentration/at%

EAEHE AL (400 CTF Zr £ a-Al TEMRE Cp =
0.0005at% %) , XN AlLZr R 73R4 T B
BOkEh 77, 424 T KB ALZr RS s T
KEIRENTH, #E— S AL, IRE G &Rk,
Ak, FIRESEAE LTI Zr 5 AL-Ti(-B)4i1L 7
Zr et 5 AlL Ti fERTEE o-Al Bk 3L AE 1
L1,-ALZe Tt &Y CanlE 6, FBE/N T L1, M 1
JSF, 38007 FH 50 25 B DUE— 25 (2 3k b i) Atk
PERIWOS1, SR, FIMANL & Cr Mn. Zr %08,
S 5EA TN ALTI-B 04677 4 rh #73 4
CRIGIAb R IRR ) 5 XS5 & n K 2 R /E TiB, 3
TiC KLrHIAE, 5 Ti mEKERR, S% TiB,
B TiC KL B3R A B 2R M, B ARORL 7 3R T V6 1
iz 5 Al IR FRHABE L%, a-Al fEHLERHEZ
MITEAZ T 3G 0, b R 4 Ak R 0R
FitJt& (RE) 1 La. Ce. Y M Sc &4

M RLAEAG TG FR, RetE A AU A B8535 fRi . RE
AT DA 2148 J50FURS MR AR L, 38 REFR AR AL JE44 11
Fmsk 7y, e AL O TR PR R, N TiB,
MPTEI % ; H AI-Ti-B-RE B A K&, iBfeit—35
T AT ) 22 IR BT JR], X 4 HAA 235 A R

80+
601

251
20+
15+
10+

Ti,Mg Concentration/at%

4 32 -1 0 1
Distance from Interface/nm

Bl 6 Al-Zn-Mg-Cu-Zr-0.1Ti 541 TEM 14, &4 1 LL #TtHAHR HRTEM 14, 0.1Ti &4 L1 A7 tHAH = 4 5 8 BRI 45 A0 1) 40

EETT

Fig.6 TEM images of the Al-Zn-Mg-Cu-Zr-0.1Ti alloys (a), HRTEM images of the L1, precipitates in the alloys (b); 3D reconstruction (c)

and proximity histogram of the concentration profile (d) of the L1, precipitate of the 0.1Ti alloy
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1-gas is injected into the aluminum melt with the rotating rotor,
2-larger bubbles are transformed into smaller bubbles by the shear
force of the rotor, 3-tiny bubbles form and disperse, 4-hydrogen
diffuses into bubbles, 5- bubbles reach the surface of the melt and

the hydrogen is released

K8 PSR e Rk

Fig.8 Principle of inert gas rotating blowing method"””?
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Fig.9 Microstructure sketch of high strength aluminum alloys™®?
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(a) pre-aging, (b) retrogression, and (c) re-aging
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Table5 Summary of corrosion behavior after different aging treatments of Al-Zn-Mg-Cu alloys asreported in Ref. [100-104]

Alloys/w% Aging condition Corrosion trend Corrosion resistance mechanism
T6: . . Preferential dissolution of the anodic Cu-depleted
7A09 120 Cx24 h (WQ) High strength with severe IGC zone along continuous grain boundaries
AA7085 110 Cx6 hTO-7146:0 ‘Cx10h Improving EXCO resistance Coarse and spare distribution of GBPs with
(WQ after every step) with strength loss higher Cu content
60 “Cx24 h E}}lgo Cx0.5h+ Good combination of both  GBPs are coarser and disconnected, and slow heating
AAT7150 120 ‘Cx24 h ’ corrosion resistance and rate provides time for Cu diffusion to precipitates,
(WQ after every step) strength which mainly affect the corrosion resistance
DRRA:
[ + ‘ + . . . . o .
7085 };8 8 i%g E N }gg g :82 }}; Improving corrosion resistance Coarse and discrete distribution of GBPs with
120 ‘Cx24 h ’ without sacrificing the strength higher Cu content
(WQ after every step)
HTTP: The 5’ precipitate density is decreased due to the
7075 470 "Cx1h (ST)—cooling to Improving the IGC and EXCO formation of coarse particles during the

445 Cx30 min (WQ) +
120 ‘Cx24 h (WQ)

resistance with strength loss

pre-precipitation process at high temperature

NIA: High mechanical performances The variation in microchemistry or
Al-6Zn-2.3Mg-2Cu 40 C—190 C (20 C/h) and comparable corrosion macrostructure of GBs and GP};35
—100 C (20 C/h) (WQ) resistance

7055 ST +120 ‘Cx24 h (WQ)

A lower quench rate leads to
lower EXCO resistance

GBPs in the slowly quenched specimens are more
electrochemically active and tend to
accelerate corrosion

Note: ST—solution treatment, WQ—water quenching,

HTPP—high-temperature pre-precipitation, NJA—non-isothermal aging
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AQ—air

quenching, DRRA—dual-retrogression and re-aging,
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Strengthening-Toughening of High-Strength Al-Zn Cast Aluminum Alloys: Research
Progress and Prospects

Wang Yichang', Yuan Lingyang', Yang Lei', Peng Liming'?, Ding Wenjiang'*
(1. National Engineering Research Center of Light Alloys Net Forming, School of Materials Science and Engineering, Shanghai Jiao Tong
University, Shanghai 200240, China)
(2. State Key Laboratory of Metal Matrix Composite, School of Materials Science and Engineering, Shanghai Jiao Tong University,
Shanghai 200240, China)

Abstract: Aluminum alloy castings exhibit versatile prospects in critical aircraft, aerospace, and lightweight of automobile owing to their
ultralow density and excellent specific strength. The optimization of forming and mechanical properties of cast Al alloys can significantly
expand their applications. In this work, the research progress of Al-Zn high-strength cast aluminum alloy were reviewed. The strengthening
mechanism and research results on micro-alloying, grain refinement, structure purification, and heat treatment optimization of
high-strength as-cast aluminum alloys were summarized. The existing problems were also discussed. At last, the development trends of
as-cast aluminum alloys with high strength and toughness were prospected, which has a certain practical and theoretical significance for
the aluminum alloys.

Key words: cast aluminum alloy; strengthening and toughening; grain refinement; microstructure; property
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